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GENERAL INTRODUCTION 
 
 
The European corn borer Ostrinia nubilalis Hübner, (ECB) is one of the most important insect 
pests (Lepidoptera: Pyralidae) in maize (Zea mays L.) production in Central Europe. 
European corn borer larvae cause yield losses of up to 30% in regions with a high natural 
occurrence of ECB due to feeding and tunneling in plants (Jarvis et al. 1984, Bohn et al. 
1998). Furthermore it is assumed that ECB damage favors secondary mold infections such as 
Fusarium spp. or Ustilago maydis, which may led to additional yield losses and adversely 
affect the quality of grains (Lew et al. 1991, Munkvold et al. 1997, 1999). 
 
 
Biology of the European corn borer 
 
The ECB originated in Europe and expanded to the Middle East, northern Africa, North 
America, and Central America (Hoffmann und Schmutterer 1999). The Z-race of ECB 
primarily depends on maize as the host plant and, therefore, developed into an important 
maize pest since maize production rapidly increased in Central Europe (Langenbruch and 
Szewczyk 1995). In contrast, the polyphagous E-race attacks a wide range of herbaceous wild 
and cultivated plant species with stems large enough for larvae to enter, e.g., Polygonum spp., 
Utrica spp., and Solanum tuberosum L. (Hudon and LeRoux 1986). 
 
In Central Europe the ECB completes normally one generation (univoltine) per year. In 
warmer regions, ECB occurs with two or more generations (multivoltine), depending on the 
geographic latitude and regional climatic conditions. Moths of ECB occur mid of June until 
the second half of July and oviposit egg masses onto maize plants in the late whorl stage 
before anthesis (Figure 1). After 10 to 14 days larvae begin to hatch. First- and second-instar 
larvae feed initially on leaf tissue within the whorls and then attack the enclosed tassels, 
feeding on the developing anthers. Later instars prefer pollen that accumulate in the leaf axils, 
attack the ears and shanks before boring into the stem of the plant. The adult larvae feed 
extensively in the stalks moving downwards to the bottom of the stalk or inside the ear to 
diapause (Hoffmann and Schmutterer 1999). 
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Figure 1: Life cycle of the ECB (Ostrinia nubilalis Hübner). 
 
 
Methods for controlling European corn borer damage 
 
In many maize growing areas, ECB populations exceed the economic threshold and, therefore, 
farmers are forced to take control measures (Rost 1996). The traditional ECB management 
method is to destroy shelter for overwintering by crushing maize residues and plowing. 
Furthermore, various insecticides (pyrethroid or organophosphate insecticides) as well as 
bacterial (Bacillus thuringiensis, Bt) and biological (Trichogramma parasites) control methods 
for ECB are available. However, ECB larvae on maize plants are difficult to combat, because 
they are exposed to sprays or antagonists for only a short period of time before they bore into 
the plant. 
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Improving natural host plant resistance is an economically and ecologically promising 
mean to control ECB infestation. The natural host plant resistance against ECB can be based 
on three resistance mechanisms: (i) nonpreference, (ii) antibiosis, and (iii) tolerance (Painter 
1968, Panda and Khush 1995). Nonpreference is a lack of attractiveness for oviposition and 
could be evaluated in laboratory trials and field experiments (Guthrie and Barry 1989, Orr and 
Landis 1997). Antibiosis to the first ECB generation (leaf feeding resistance) is mainly based 
on the concentration of the chemical compound DIMBOA [2,4-dihydroxy-7-methoxy-(2H)-
1,4-benzoxazin-3(4H)-one] in the leaves. In addition, antibiosis to the second ECB generation 
depends on a number of factors such as the concentration of detergent fiber, cellulose, lignin, 
and biogenic silica in cell walls and tissue toughness (Bergvinson et al. 1994, Ostrander and 
Coors 1997). Several studies investigating resistance to insects have focused on antibiosis by 
either evaluating larval growth or mortality in field or laboratory studies or by assessing stalk 
feeding damage of plants under manual infestation of ECB (Wiseman et al. 1981, Hudon and 
Chiang 1991, Jansens et al. 1997). In contrast, tolerance is the ability of a maize plant to 
withstand a certain population density of ECB without loss of yield or increased stalk 
breakage (Painter 1968, Barry and Darrah 1997). 
 
 
Control of ECB damage through Bt hybrids 
 
An alternative approach to control ECB damage is the use of transgenic maize hybrids, 
carrying genes isolated from the soil borne Bt var. kurstaki HD-1. The used δ-endotoxins are 
predominantly fatal to Lepidopteran insect species such as ECB or, depending on the used Bt 
strains, to beetles (e.g., Western corn rootworm, Diabrotica virgifera virgifera) and aquatic 
flies (e.g., Mosquitoes, Anopheles stehpensi) (http://www.colostate.edu/programs/ 
lifesciences/TransgenicCrops/BtQnA.pdf, confirmed 02.05.2002). After Bt uptake by the 
insect, the crystalline protein dissolves to release a toxin that attacks the gut lining (Meeusen 
and Warren 1989). Feeding stops within a few hours. The insect gut wall breaks down within 
24 hours. The insect dies from toxins attacking the gut wall by a general body infection 
(septicemia), which is present within 48 hours, and food deprivation (Sagers et al. 1997). The 
activity of the toxin in an insect depends on the gut’s pH, the presence of enzymes and 
reducing agents, and the presence of protein binding sites on cell membranes. 
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The Bt gene CryIA(b) was one of the first genes that attracted the interest for use in 
plant transformation with lethal effects against Lepidopteran species (Meeusen and Warren 
1989, Jansens et al. 1997, Archer et al. 2000). In plants, gene promoters regulate the tissue- 
and developmental stage-specific expression of the Bt gene. Based on the European Council 
Directive 90/220 and the German Seed Act, only maize hybrids derived from transformation 
events Mon810 and event 176, both containing the CryIA(b) gene, have so far a restricted 
license to be used in maize production in Germany. Mon810 utilizes a gene promoter, which 
results in a season-long expression of the Bt toxin in all plant tissues (Archer et al. 2000). In 
contrast, event 176 contains two promoters, one regulating Bt gene expression exclusively in 
green plant tissues and the other in the pollen (Koziel et al. 1993, Estruch et al. 1997). 
 
The high level of resistance of Bt-transformed maize against ECB was demonstrated in 
several studies under U.S. growing conditions (Koziel et al. 1993, Estruch et al. 1997, Jansens 
et al. 1997, Pilcher et al. 1997, Sagers et al. 1997 and Archer et al. 2000). With the use of Bt 
hybrids the mortality of ECB larvae exceeds 99% (Gould 1994). Based on economic 
considerations, Bohn et al. (1998) concluded that Bt maize should be the most economic ECB 
control measure under Central European conditions because of its high level of resistance. 
However, no studies were available on the effectiveness of the Bt resistance against ECB in 
early maturing European maize germplasm. 
 
The monogenic Bt resistance of maize hybrids may entail the risk of being overcome 
by resistant insect individuals, which occur in low frequencies in natural populations 
(Tabashnik 1994, Metz et al. 1995, Onstad and Gould 1998), or of being harmful to unrelated 
species such as the monarch (Danaus plexippus) (Losey 1999). Therefore, improving the non-
transgenic host plant resistance of maize, governed by multiple genes, should be favored to 
ensure a sustainable integrated pest management. In order to increase the durability of the Bt 
gene, both types, the monogenic Bt resistance and the natural host pant resistance, could be 
combined. 
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Improving host plant resistance of maize against ECB 
 
The host plant resistance of maize against the second ECB generation is quantitatively 
inherited and associated with at least seven genomic regions (Jennings et al. 1974). Bohn et al. 
(2001) found six quantitative trait loci (QTL) for tunnel length and five QTL for stalk damage 
rating, explaining about 50% of the genotypic variance in the early maturing European maize 
germplasm. Furthermore, diallel studies and generation mean analyses confirmed a mainly 
additive gene action and to a lesser extend dominance and epistatic interactions (Jennings et 
al. 1974). 
 
In contrast to the U.S. Corn Belt maize germplasm, only few studies on the resistance 
of maize against ECB under Central European growing conditions are available. Therefore, a 
large number of elite inbreds of both opposite pools were screened for ECB resistance under 
manual infestation of ECB and a significant genetic variation was found for improving ECB 
resistance traits (Schulz et al. 1997, Kreps et al. 1998, Melchinger et al. 1998). However, 
breeding for resistance against the second generation of ECB has proven difficult. While 
backcross breeding appeared to have little effect in improving the level of resistance owing to 
the putatively high number of genes involved, recurrent selection resulted in a negative 
correlated selection response for other agronomically important traits such as yield (Guthrie 
and Russell 1989). After selection for ECB resistance, Klenke et al. (1986) observed reduced 
grain yield in maize synthetic BS9. Improved ECB resistance was also found to be associated 
with late flowering and late grain maturity in maize inbreds (Hudon and Chiang 1991, Schulz 
et al. 1997). Therefore, a breeding program was initiated at the University of Hohenheim in 
the mid 1990’s to improve ECB resistance in early maturing germplasm and, at the same time, 
to avoid indirect selection of genotypes with late maturity and lower grain yield. 
 
 
Infection of maize with Fusarium species 
 
Species of Fusarium are among the most common fungal associates of maize plants causing 
diseases of seedlings, roots, stalks and kernels. In Central Europe the most common Fusarium 
species are F. graminearum, F. culmorum, F. subglutinans, F. avenaceum, and F. 
moniliforme (Lew 1993, Bottalico 1998). It is supposed that on average about 7% of the world 
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maize harvest is destroyed by stalk rots (Hoffmann and Schmutterer 1999). Fusarium molds 
are also capable of producing secondary metabolites that cause severe physiological and 
pharmacological responses in humans, animals, and plants (IARC 1993). Therefore, many 
countries initiated programs to set up mycotoxin thresholds in food and feed for human and 
animal consumption, respectively. 
 
The contamination with mycotoxins produced by Fusarium spp. can especially be 
observed in regions, where single crop rotation systems are prevalent. Warm and humid 
weather conditions and the cultivation of late-ripening varieties favor the development of 
Fusarium species (Lew et al. 1991). Furthermore, mycotoxin production of Fusarium spp in 
infested maize plants is difficult to control. In vivo studies reported inconsistent results, from 
an inhibition to an accumulation of mycotoxin synthesis after fungicidal treatments (Hasan 
1993). Since the mycotoxin concentration is stable under normal storage conditions and a 
detoxification with physical treatments like high temperatures, UV radiation, and oxygen are 
not effective (Patey and Gilbert 1989, Eriksen and Alexander 1998), resistance breeding or 
biotechnological approaches are economical and ecological means to improve host plant 
resistance against Fusarium spp.. However, only little is known about resistance mechanisms 
of maize against Fusarium spp. and their interaction in the host plant. 
 
Fungi of the genus Fusarium spp. infect the maize ear through the silk channel or by 
using other pathways e.g., wounds caused by insects or birds, to incorporate into their host 
plant (Reid 1999, Reid et al. 1999). It is hypothesized that ECB larvae are vectors for 
Fusarium spp. by causing entry wounds and carrying fungi inoculum from the plant surfaces 
into the plant itself. Furthermore, a close association between susceptibility of maize hybrids 
to second generation ECB damage and the appearance of stalk rot exists (Jarvis et al. 1984). 
Studies showed that the use of Bt maize hybrids decreased FUM contamination of grains 
under U.S. Corn Belt environmental conditions (Munkvold et al. 1997, 1999). Austrian 
studies found under ECB larvae feeding an increase of the MON producing Fusarium species, 
whereas the frequency of other Fusarium strains was considerably reduced (Lew et al. 1991, 
Lew 1993). Yet no prior information exists on the potential of highly ECB resistant Bt hybrids 
reducing the level of mycotoxin contamination in maize under Central European growing 
conditions. 
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The overall goals of this study were to develop maize germplasm with improved non-
transgenic host plant resistance against ECB by employing conventional breeding methods 
and to explore the efficacy of Bt maize hybrids grown under Central European growing 
conditions. 
 
The objectives of the present study were to: 
(1) initiate a selection experiment in the early maturing European flint pool and evaluate a 
breeding program for ECB resistance in the European dent pool, 
(2) compare the efficiency of host plant resistance vs. Bt resistance in maize, 
(3) determine Fusarium-caused mycotoxin contamination of maize genotypes with 
improved host plant resistance to ECB, and 
(4) study the association between important agronomic traits, ECB resistance traits, and 
mycotoxin concentration in early European maize germplasm. 
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Figure 1: T. Magg (University of Hohenheim), http://www.ent.iastate.edu/imagegal/ 
lepidoptera, http://www.uwrf.edu/~cg04 /333/ecb. 
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GENERAL DISCUSSION 
 
 
ECB causes extensive monetary losses in maize production worldwide not only due to yield 
reduction as a result of larvae feeding, dropped ears, or lodged plants but also due to costs 
associated with the application of insecticides or biological measures to prevent ECB damage. 
In addition, stalk and ear rot diseases are often associated with ECB damage and further 
reduce standability of plants, increase yield losses, and degrade quality of maize grains. Sagers 
et al. (1997) estimated that in growing seasons with high ECB population densities overall 
damage could surpass one billion U.S. dollars worldwide. Therefore, effective, ecologically 
sound, and affordable tools to control ECB must be developed. 
 
 
Natural host plant resistance against ECB 
 
Only one generation of ECB occurs per growing season in Central Europe. The damage 
caused by this generation is comparable to that of the second generation ECB larvae in the 
U.S. Corn Belt. Natural host plant resistance against the second ECB generation is based on 
three mechanisms: antibiosis, tolerance, and non-preference (Painter 1968, Panda and Khush 
1995). The primary resistance mechanism improved by breeding is antibiosis, because it is 
easy to measure and adversely effects the ECB population. Besides the number of larvae per 
plant, the evaluation of tunnel length in elite lines or sheath collar feeding are the other most 
widely used traits for evaluating antibiosis (Guthrie et al. 1978). In addition to antibiosis, 
tolerance contributes to ECB resistance in conventional breeding material (Guthrie and Barry 
1989, Melchinger et al.1998). The level of tolerance can be evaluated by linear regression of 
grain yield reduction on damage rating of stalks as proposed by Ortega et al. (1980). Non-
preference is of secondary importance for practical breeding purposes, because ECB females 
lay eggs on non-preferred plants, if preferred ones are not available. 
 
  - 43 - 
Inheritance of ECB resistance  
 
In the U.S. Corn Belt, manual infestation with ECB allowed the identification of a large 
number of maize germplasm with first generation ECB resistance but only few genotypes with 
second generation ECB resistance (Klenke et al. 1986, Barry et al. 1991). However, some 
cultivars, like lines B52 and DE811, show an increased level of ECB resistance as well as 
reduced yield losses under manual ECB infestation (Guthrie and Russell 1989, Guthrie and 
Barry, 1989). 
 
In order to develop appropriate breeding schemes to improve ECB resistance in early 
maturing European maize germplasm, detailed information about the inheritance of the ECB 
resistance is necessary. Recent studies verified the quantitative inheritance of ECB resistance 
in early maturing European germplasm (Bohn et al. 2000). Based on generation mean analyses 
and diallel studies, it was concluded that mainly additive gene action and to a smaller extent 
also dominance and epistasis were involved in the resistance of maize against ECB larvae 
feeding damage (Kreps et al. 1998, Bohn et al. 2000). Based on this information, it seemed 
most promising to initiate recurrent selection programs. Penny et al. (1967) improved 
resistance against the first ECB generation significantly within three cycles of recurrent 
selection. However, they presented no information about the agronomic performance of the 
lines with improved ECB resistance developed from this recurrent selection program. 
Furthermore, separate breeding programs for improving ECB resistance simultaneously in the 
flint- and in the dent pool are very laborious and time consuming. 
 
 
Prerequisites for breeding against ECB 
 
The most important breeding objectives in a commercial maize breeding program are to 
increase yield, standability, and to improve early maturity to adapt the maize gene pool to the 
cool climatic conditions of Central Europe. In order to successfully integrate ECB resistance 
as an additional selection criterion into these breeding programs, the following prerequisites 
must be met: (1) The level of ECB resistance should be phenotypically easy to determine. This 
ensures integration into existing breeding programs with little additional work and financial 
input. Whereas damage ratings of stalks are easy to determine and can be measured with high 
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accuracy, the evaluation of the tunnel length is labor intensive because its measurement 
requires longitudinal stalk slicing. (2) Furthermore, the breeding material should possess a 
high level of genetic variation for the resistance to ECB, and (3) the resistance and agronomic 
target traits should not be correlated with each other or the association between the traits 
should point at least into the direction desired by the breeder. 
 
To develop a hybrid with improved resistance against ECB, both parents should 
possess a high level of resistance, because additive gene action is the predominant mode of 
inheritance for antibiosis. Due to lacking information about the level of ECB resistance in 
early maturing European elite maize germplasm an extensive screening program was initiated 
at the University of Hohenheim (Kreps et al. 1998, Melchinger et al. 1998). Significant 
genetic variation for agronomic traits as well as for ECB resistance was identified in a set of 
115 early maturing European maize lines making further breeding efforts promising (Schulz et 
al. 1997). Lines displaying resistance associated with low yield reduction under high ECB 
pressure were identified. In the Hohenheim breeding program, these lines were selected as 
potential parents for the development of breeding populations to combine high ECB resistance 
with good agronomic performance as proposed by Melchinger et al. (1998). 
 
 
The Hohenheim maize breeding program for improving ECB resistance 
 
We evaluated the overall level of ECB resistance of each genotype by determining grain yield 
differences between manually infested and insecticide protected plots. The grain yield 
differences are a function of antibiosis, tolerance, and non-preference. In order to separate the 
effects of antibiosis from the effects attributable to the other resistance components, damage 
ratings of stalks and tunnel lengths were determined. The Hohenheim breeding program 
focused on the damage rating of stalks as the primary resistance trait for following reasons. 
Especially for damage rating of stalks used as the primary selection criteria, heritabilities were 
high and ECB ratings were highly significantly correlated with grain yield reduction (Kreps et 
al. 1998). Furthermore, the number of test locations could be reduced, because estimates of 
genotype×environment interaction variances were mainly non-significant. In addition, damage 
ratings displayed a closer correlation between line per se and TC performance than all other 
  - 45 - 
resistance traits (Kreps et al., 1998). Beyond these reasons, damage rating of stalks could be 
evaluated with a fraction of the labor input and costs necessary to measure tunnel length or to 
determine grain yield reduction.  
 
 
Response to selection 
 
In order to avoid undesired correlated selection responses between agronomic traits and ECB 
resistance, a two step selection procedure was applied. In the first step, a selection index 
combining yield and maturity was used (Utz et al. 1978). In the second step, genotypes 
displaying a high level of ECB resistance were chosen from the previously selected fraction of 
the population. The breeders challenge resulted in combining important traits, such as early 
maturity, grain yield, and ECB damage, which all were negatively correlated with each other 
(Schulz et al. 1997, Kreps et al. 1998, Melchinger et al. 1998, Magg et al. 2001). However, the 
retrospect evaluation of the Hohenheim breeding program revealed only a minor improvement 
towards increased levels of ECB resistance in European early maturing Dent germplasm. In 
the course of our breeding efforts, only line P030 was selected displaying earlier maturity and 
better ECB resistance than both parental lines. This result can be explained by the independent 
culling levels employed for the used selection index and the ECB resistance. In conclusion, 
the population fraction  selected based on its index performance did not contain the lines 
with the highest ECB resistance. In order to increase the probability to identify new lines that 
combine high index values with improved ECB resistance, repulsion phase linkage between 
genes involved in the inheritance of the above traits must be broken by allowing for intensive 
recombination. Furthermore, no flint lines with both improved ECB resistance and better 
agronomic performance were selected. This could be explained by a relative poor genetic 
variation for ECB resistance present in the screened flint lines combined with an insufficient 
general combining ability for the desired agronomic traits. 
 
 In order to substantiate the above findings, we estimated the genetic similarity between 
newly developed lines and their parents using a set of 100 SSR markers equally distributed 
across the genome and a set of SSRs known to be associated with putative insect resistance 
gene clusters (Bohn et al. 2000, Papst et al. 2001). Accounting for sampling effects, we found 
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significant differences between genetic similarity estimates determined with both SSR sets. A 
comparison of resistance QTL cluster haplotypes based on SSR markers revealed that early 
maturing parental lines D06 and D67 contributed the majority of the SSR alleles at the 
chromosomal cluster regions to their offspring. Because of the high weight put on early 
maturity in our breeding program and the negative association between early maturity and 
ECB resistance, it can be speculated that the observed differences between genetic similarity 
values were not caused by selection for improved ECB resistance but by selection for early 
maturity. If the association between ECB resistance and maturity is not caused by pleiotropy 
but rather by linkage, it will be difficult by conventional breeding to combine the desired 
alleles for both traits in a single genotype. However, based on graphical genotypes several S2 
families were detected in a QTL population, which showed a high level of ECB resistance 
associated with early maturity (Bohn et al. 2000). This demonstrates the potential of molecular 
markers to identify genotypes with the necessary recombination events between tightly linked 
QTL for ECB resistance and maturity. In addition, this result underlines the importance of 
random mating within S1 populations for improving early maturity and ECB resistance at the 
same time (Bohn et al. 2000). 
 
 
Combining ECB resistance with good agronomic performance 
 
Our hypothesis of linkage is supported by findings of Guthrie and Russell (1989) who 
reported an increased ECB resistance and reduced yield losses under manual ECB infestation 
in the maize synthetic BS9. This synthetic was improved employing recurrent selection 
methods. However, the reduced yield losses were not sufficient to compensate for the loss in 
yield potential. As a result of selection for ECB resistance, ear diameter as well as ear and 
plant height decreased by the attempt to improve stalk quality, which is an important 
resistance component against second generation ECB. Comparable to our findings, linkage to 
alleles of other traits contributing to yield was discussed as a negative response due to direct 
and indirect selection for ECB resistance during the production of the synthetic. Further 
reasons may explain the observed decline in yield in their breeding program using recurrent 
selection methods. Part of the yield reduction could be caused by drift during inbreeding 
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which was additionally favored by assortative mating and the relative small population size 
used in this experiment. 
 
The probability of success of a resistance breeding program is a function of the 
availability of highly resistant germplasm sources. For example, the level of resistance 
especially in the screened flint lines was too poor to avoid significant yield losses, if 
respective experimental flint × dent hybrids were challenged with ECB larvae (Kreps, 1998). 
These findings suggest that it may be unavoidable to extend the search for new ECB 
resistance sources to maize germplasm not adapted to Central European growing conditions. 
However, an integration of exotic sources of resistance in adapted elite material requires 
recurrent selection approaches and is, therefore, time consuming. In further backcrossing or 
recurrent breeding programs, ECB resistant exotic germplasm such as inbred line B52 or 
synthetic BS9 from the U.S. Corn Belt could be introduced to increase genetic variability. For 
example in the U.S. GEM-program (germplasm enhancement of maize; 
http://www.public.iastate.edu/∼usda-gem/gems-0001.htm, confirmed 07.12.2002), researchers 
reported success from the introgression of conventional ECB resistance, derived from 
Peruvian maize Pl 503806 (Abel et al. 1995) into a U.S. Corn Belt adapted inbred line B94. 
The recurrent stiff-stalk synthetic GEMS-0001 was derived from the cross (Pl 503806 × B94) 
three times backcrossed to B94 and selected for its high yield performance combined with 
good ECB resistance (Abel et al. 2000). 
 
If breeders could predict the prospects of crosses for inbred line development before 
producing and testing lines derived from them in field trials, this would greatly increase the 
efficiency of breeding programs by reduce costly mass-rearing of ECB larvae and 
concentrating the efforts on the most promising crosses (Utz et al., 2000). Therefore, we 
recommend increasing the changes of selection by rigorous screening of potential parental 
lines for high ECB resistance before new source populations are developed. However, the 
extensive line screening performed by Schulz et al. (1997) and Melchinger et al. (1998) 
identified only a limited number of lines with ECB resistance. In order to develop new lines 
combining high ECB resistance with good agronomic performance it seems, therefore, 
appropriate to initiate recurrent selection programs. These programs will be successful, if lines 
selected to create the base population will carry different alleles at QTL involved in the 
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inheritance of the ECB resistance or if they combine different resistance mechanisms. Many 
studies demonstrated that it was possible to improve ECB resistance markedly in the medium 
term using recurrent selection (Penny et al. 1967; Chiang and Hudon 1973; Klenke et al. 
1986; Anglade et al. 1996). However, limited information is yet available about the agronomic 
performance of the lines developed through the recurrent selection process and their fate in 
commercial breeding programs. 
 
In contrast to employ complex breeding schemes to improve natural host plant 
resistance governed by multiple genes, the introduction of the monogenic Bt gene is much 
easier to facilitate. With the aid of molecular markers it is possible to select lines in a 
backcross program that carry the Bt gene and a maximum amount of the recipient genome 
(Hospital et al. 1992, Frisch et al. 1999). Due to the dominant mode of gene action displayed 
by the Bt gene, only one of the parental inbreds must carry the Bt gene while the other elite 
line can be selected purely for its agronomic performance. 
 
 
ECB resistance of Bt hybrids 
 
Measures to control ECB damage are only economical, if natural ECB population densities 
rise above recommended thresholds, determined and disseminated by the local plant 
protection agencies. Taking both economical and ecological aspects into account, an improved 
natural host plant resistance would be the optimum way to control ECB populations with 
damages close to the economic injury levels under Central European conditions. However, 
well timed and reliable predictions of future levels of ECB population densities and associated 
yield losses are hard to achieve and not precise. In contrast, if the predicted ECB pressure 
exceeds the economic threshold, the most effective mean to control ECB larvae feeding is the 
use of Bt hybrids (Koziel et al. 1993, Estruch et al. 1997, Jansens et al. 1997, Pilcher et al. 
1997, Sagers et al. 1997, Archer et al. 2000, and Magg et al. 2001). This is in line with 
findings of Bohn et al. (1998) determined under German growing conditions. In this study, the 
use of Bt hybrids was economical, if ECB exceeded the threshold of 7 to 10% damaged plants. 
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In our experiments, transgenic maize plants expressing the CryIA(b) toxin showed a 
substantially improved ECB resistance and markedly reduced grain yield reductions in 
comparison to their isogenic counterparts and commercial hybrids lacking the Bt gene. This 
was also confirmed by our laboratory bioassay (Magg et al. 2001). Studies in the U.S. reported 
a higher efficiency of transformation event MON810 in controlling ECB damage than event 
176 (Archer et al. 2000). They explained this finding by higher toxin levels and improved 
expression stability of the CryIA(b) gene in maize ears of hybrids containing MON810. 
However, in our studies a significant (P < 0.05) higher percentage of damaged ears for hybrids 
containing event 176 than for hybrids carrying Mon810 was only found in year 2000. Both Bt 
events provided a highly effective ECB control under Central European growing conditions. 
 
 
Variation of ECB resistance traits and agronomic traits for Bt and non-Bt hybrids 
 
In general, differences between Bt hybrids and their near-isogenic lines were not significant 
for all agronomic traits under insecticide protection. Under ECB infested conditions all 
evaluated resistance traits were greatly reduced by the use of Bt hybrids. Furthermore, 
observed yield reductions of Bt hybrids were small (-1.2% to 3.5%) compared to yield 
reduction of non-Bt hybrids of up to 30% (Bohn et al. 1998) under ECB infestation. In our 
experiment, yield losses ranged from 8.6% to 21.8% for non-Bt hybrids, indicating that some 
commercial genotypes were moderately resistant to ECB larvae feeding. This finding was 
confirmed by significant differences between non-Bt hybrids for resistance traits. 
 
 
Approaches for a Bt resistance management system 
 
The major goal of a Bt resistance management system is to secure a long lasting effect of 
resistance genes for a successful control of ECB larvae. A resistance gene management is 
necessary, because the selection pressure put on ECB larvae by the use of Bt maize hybrids is 
high. The Bt gene is expressed at high rates causing a high ECB larvae mortality (Roush and 
McKenzie 1987). The U.S. Environmental Protection Agency (EPA) 
(http://www.epa.gov/scipoly/sap/2000/october/brad4_irm.pdf, confirmed 07.12.2002) 
developed five general strategies for managing resistance to Bt expressing crops: (1) 
  - 50 - 
constitutive expression of high levels of single toxins in all plants, (2) constitutive expression 
of high levels of two or more toxins in all plants, (3) the ‘refuge plus high-dose strategy’, a 
spatial or temporal mixture of plants having high levels of constitutive expression of one or 
more toxins with other plants having no toxin expression, (4) low levels of expression of 
single toxins interacting with natural enemies, and (5) targeted Bt gene expression. 
 
The refuge strategy is based on the critical assumptions that the resistance of ECB 
against Bt is recessive and that random mating occurs between susceptible and resistant ECB 
individuals. If the Bt toxin resistance is recessive, first generation offsprings produced by 
mating between susceptible and resistant adults are killed after feeding on Bt tissue. If mating 
is random, initially rare homozygous resistant adults emerging from Bt tissue are likely to 
mate with the more abundant homozygous susceptible adults emerging from non-Bt plants, 
producing a first generation offspring progeny that cannot survive on Bt plants. Mathematical 
models and limited data from laboratory and greenhouse studies indicate that resistance can be 
delayed substantially when these assumptions are valid (Andow et al. 1998, Alstad and 
Andow 1995, Tabashnik 1994, Onstad and Gould 1998). However, our results of 0.08 to 0.19 
surviving larvae per plant and a percentage of damaged stalks ranging from 18 to 31% for 
plots planted with Bt hybrids question some of the assumptions underlying these models 
(Magg et al 2001). Therefore, an effective resistance management system is essential to 
prevent resistance of ECB to the Bt toxin.  
 
Depending on the climatic conditions, ECB can produce multiple generations per year, 
which results theoretically in a faster development of resistance of ECB to Bt toxin. 
Development of Bt resistance has already been seen in the Indian meal moth (Plodia 
interpunctella) and has been found in ECB laboratory populations (Huang et al. 1997). 
Nevertheless, development of resistance to Bt may be delayed, because untreated areas in a 
‘refuge plus high-dose strategy’ can provide a source of susceptible moths to dilute the 
buildup of Bt resistant genes in the ECB population (Orr and Landis 1997, Andow et al. 
1998). Furthermore, under Central European conditions it could be supposed that not every 
field of maize will be planted to Bt maize and geographical mosaics of Bt and conventional 
hybrids or plants will occur. As indicated by our study, it might also be possible that maize 
ears serve as a refuge for ECB larvae after anthesis in transgenic hybrids expressing low or no 
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levels of toxins in ears. So we found a clear trend towards higher values of damaged ears for 
hybrids expressing event 176 than hybrids with event Mon810 in 2000. Therefore, the effects 
of surviving larvae on the adaptation of ECB to Bt maize remains unclear, especially 
regarding the ear shelter as refuge (Onstad and Gould 1998). 
 
Currently, there are three different Bt toxins in use, i.e., CryIA(b), CryIA(c), and 
Cry9C. Therefore, up to three different Bt genes could be staked into a single hybrid to mimic 
a horizontal resistance as proposed by the EPA. However, Tabashnik et al. (1994, 1997) 
reported 21% heterozygous individuals of a susceptible population of the diamondback moth 
(Plutella xylostella) carrying a gene conferring resistance to several Bt toxins. Based on these 
findings, the appearance of cross resistance could not be excluded in populations of ECB. 
Perhaps, Bt genes could be combined with improved natural host plant resistance to enhance 
the level of resistance in maize. Therefore, improving quantitative resistance in maize through 
plant breeding could deliver an economically tool, completing the EPA proposal by building 
up a horizontal resistance. Furthermore, by improving natural host plant resistance breeders 
pay tribute to consumer concerns regarding cultivation of genetically engineered plants in the 
EU. 
 
 
Association between insect damage and mycotoxins produced by Fusarium spp. in 
grains 
 
The associations between insects and maize diseases result from several types of host-insect-
pathogen interactions. One identified interaction is a vector-like relationship between ECB 
and Fusarium spp.. ECB larvae carry spores of Fusarium spp. from the plant surface to the 
surfaces of damaged kernels or into stalks, where infections are initiated (Jarvis et al. 1984, 
Lew et al. 1991, Lew 1993, Munkvold et al. 1997, Sobek and Munkvold 1999). Viable spores 
of Fusarium spp. or Aspergillus spp. can be found externally, internally, and in the frass of 
ECB larvae and other insects (Dowd 1998). Especially Fusarium spp. (F. subglutinans, F. 
moniliforme, and F. verticillioides [section Liseola]) producing MON and FUM have an 
affinity to enter through wounds into maize tissue and once entered the plant they also might 
have antagonistic effects against other Fusarium spp. (Koehler 1959, Shurtleff 1984, Lew et 
al. 1991, Lew 1993, Munkvold et al. 1997, 1999). A second type of interaction between ECB 
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and Fusarium is the formation of entry wounds for the fungi, caused by larvae feeding on 
kernels or stalks. Even if the larvae do not directly carry the fungi into the tissue, feeding 
damage by ECB larvae causes stress that predisposes the plant to weakening parasites such as 
stalk- or ear rots. 
 
 
Potential of Bt hybrids for reducing mycotoxin concentration 
 
In order to study the association between ECB resistance and important mycotoxins, we 
evaluated grains of Bt hybrids, their isogenic counterparts, and commercial hybrids for their 
concentration with TCTC-mycotoxins as well as ZEN, FUM, and MON under manual ECB 
infestation and under ECB protected conditions. In the combined analyses across locations, 
we found MON concentrations being significantly (P < 0.01) higher under ECB infestation 
than under insecticide protection. This is in agreement with studies performed under Austrian 
growing conditions, showing significantly higher MON concentrations in ears damaged by 
ECB larvae feeding than those maize kernels obtained from healthy ears (Lew et al. 1991). In 
our study, the average MON concentration of the non-Bt genotypes was approximately twice 
as high as the MON concentration in the genotypes carrying the Bt gene under manual 
infestation with ECB larvae. Similar results were reported from Munkvold et al. (1997, 1999) 
under U.S. Corn Belt growing conditions for FUM concentrations. However, this is in contrast 
to our results obtained for FUM concentrations in Bt hybrids compared to isogenic 
counterparts under ECB infestation. Nevertheless trends for reduced FUM concentrations 
under insecticide protected conditions were found. Therefore, an enhancement of FUM 
concentration under ECB larvae feeding may occur. 
 
For contamination with TCTCs, the observations are contradictory in our study. DON 
and 15-A-DON concentrations were lower in Bt hybrids compared to non-Bt hybrids only in 
the experiments conducted in 1999. Valenta et al. (2002) reported significantly (P < 0.01) 
lower concentration of DON and ZEN in maize ears of Bt hybrids compared to non-Bt 
hybrids. However, only ears with visible ECB larvae feeding damage were selected from our 
experiments in 1999 and were independently analyzed for DON and ZEN concentrations in 
2000 (Valenta et al. 2002).  
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Variation of mycotoxin concentration within non-Bt hybrids 
 
Within the group of non-Bt hybrids a substantial variation for MON, FUM, DON, and 15-A-
DON concentration was found. This indicates that kernel resistance against Fusarium spp. 
exists in the current elite breeding material. Next to hybrids with exceptionally high 
mycotoxin concentrations, non-Bt hybrids with lower mycotoxin concentrations than the best 
Bt hybrid were found for some mycotoxins. It can be hypothesized that the genotype specific 
level of resistance against Fusarium is of greater importance and possesses a greater potential 
for reducing mycotoxin contamination of maize kernels than a high level of ECB resistance. 
Therefore, further research should focus on the natural resistance against ear- and kernel rots 
present in host plants to prevent mycotoxin contamination of grains. 
 
 
Mycotoxin concentration across locations and genotype × location interactions 
 
In general, average DON and 15-A-DON concentrations were much higher in the 
experimental sites located in the Rhine valley than in those located in Bavaria in 2000. All 
other mycotoxin concentrations were close to the detection limit except for FUM and MON in 
Kandel and FUS-X in Freising. Under Austrian growing conditions, a close association 
between MON producing Fusarium spp. and ECB damaged ears was found (Lew et al. 1991). 
Following these results, a higher frequency of FUM and MON producing Fusarium species 
could be assumed especially at experimental sites Ingolstadt and Kandel in comparison to 
strains prevalent at the other locations (Lew et al. 1991, Munkvold et al. 1999). 
 
Genotype×location interactions were high under natural or manual Fusarium spp. 
inoculation in small grains, limiting the success of selection in breeding programs (Miedaner 
1997, Miedaner and Reinbrecht 2001, Vigier et al. 2001). In contrast to significant 
genotype×location interactions for FUM, DON, and 15-A-DON, a non-significant interaction 
of genotypes with locations was detected for MON and FUM concentrations in our study. 
Especially the contamination of grains with TCTCs is attributable to the different climatic 
conditions but might also be due to regional differences between the species and strain 
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composition of the Fusarium populations. Furthermore, the ranking of hybrids common to 
both experiments with regard to their DON levels differed across both years. Therefore, we 
concluded, that especially MON producing Fusarium species were favored by ECB pressure 
under Central European growing conditions. An manual inoculation of FUM producing 
Fusarium species seems necessary for further experiments as demonstrated by Munkvold et 
al. (1999), because of high variances for FUM values, ranging from extremely high FUM 
concentrations to values below the detection limit. 
 
 
Prospects for reducing Fusarium spp. mycotoxins in maize 
 
The number of mycotoxins and their concentration found in grain of maize depend on the 
population of Fusarium species, the resistance of the host plant, and the environment. The 
species F. graminearum and F. culmorum especially synthesize DON and NIV. Both are 
common under Central European growing conditions and occur at high frequencies on maize 
ears not damaged by ECB larvae (Lew et al. 1991). This indicates that in contrast to MON and 
FUM, the concentration of TCTC mycotoxins is largely independent from ECB larvae 
feeding. Therefore, differences in mycotoxin contamination between highly resistant Bt 
hybrids carrying event 176 and Mon810 (Munkvold et al. 1999) were of secondary importance 
under Central European growing conditions. Consequently, mycotoxin concentrations can be 
reduced by highly ECB resistant maize only, if the Fusarium population is dominated by those 
species that are promoted by ECB damage, as already demonstrated for the MON and FUM 
producing Fusarium strains. Furthermore, in our investigations no negative associations were 
found among the mycotoxins analyzed. Therefore, we could not verify the hypothesis of 
antagonistic effects between the different Fusarium strains by analyzing relevant mycotoxins. 
However, as the results in 2000 showed, if Fusarium attacks are severe and environmental 
conditions favor Fusarium growth, neither a high level of ECB resistance nor the observed 
low levels of Fusarium resistance prevent the production of high mycotoxin concentrations. 
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Improvement of Fusarium spp. resistance in maize 
 
Two resistance mechanisms were described in literature against Fusarium infections. The “silk 
resistance”, which acts as a barrier between the fungi and the silks of the host plant and the 
“kernel resistance”, which prevents an expansion of the fungus after penetrating the tissue 
through kernel wounds created by insects or birds (Nankam and Pataky 1996, Reid et al. 1996, 
Reid 1999, Reid et al. 1999). Furthermore, it is assumed that the infection of silks is the major 
mode of entry during epidemics. However, breeding for resistance against Fusarium spp. must 
improve silk and kernel resistance at the same time, because there is no association between 
resistance to silk and resistance to kernel infection (Reid 1999). In addition, it is supposed that 
different genes are involved in ECB and Fusarium spp. resistance. This was verified through 
non-significant correlations between ECB resistance traits and mycotoxin concentrations, 
except for MON under Central European growing conditions (Magg et al. 2003). For this 
reason, breeding programs are necessary to improve both traits simultaneously. 
 
Hitherto, no complete resistance against Fusarium spp. was found in maize. Hence, it 
is supposed that resistance of maize against Fusarium spp. is governed by multiple genes 
(Snijders 1994, Reid et al. 1999, Perez-Brito et al. 2001). A first success was reported from 
Canada, where resistance breeding programs against Fusarium spp. were initiated. An ear rot 
resistant synthetic was developed from which several lines with improved Fusarium resistance 
were selected (Reid and Hamilton 1997, Reid 1999). Several lines highly resistant to 
antracnose stalk rot (Colletotrichum graminicola) (Badu-Apraku et al. 1987) and northern 
corn leaf blight (Helminthosporium turcicum) were developed by backcrossing to the ‘Cornell 
ECB composite’. This indicates a partly common genetic basis of ECB resistance and 
resistances against antracnose stalk rot or northern corn leaf blight, which were all located in 
the same genomic regions. Therefore, a comparable resistance mechanism against ECB and 
the named fungal diseases, derived from exotic germplasm of the ‘Cornell ECB composite’, 
should be of special interest for further examinations. Perhaps, resistance against the MON 
producing Fusarium spp. is based on comparable resistance mechanisms as evaluated in a 
QTL study of Perez-Brito et al (2001). For this reason, it should be verified whether resistance 
to MON producing Fusarium spp. could be enhanced by the use of the ‘Cornell ECB 
composite’. 
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The association between Fusarium spp. disease symptoms and mycotoxin production 
is low. Therefore, a routine evaluation of mycotoxin concentrations in multiple environments 
under natural and manual inoculation of the fungi seems to be mandatory for selecting maize 
genotypes with improved resistance to Fusarium spp. (Smith and White 1988, Munkvold et 
al. 1997). However, current mycotoxin evaluations are costly and time consuming and before 
breeding programs for improving resistance against Fusarium spp. can be initiated, rapid and 
inexpensive screening tests, allowing a high throughput of samples, are urgently required. 
Hence, resistance breeding against Fusarium spp. represents the most economical and 
ecological tool for the production of healthy food for human and animal consumption, because 
chemical methods to control Fusarium spp. diseases often fail and some grain samples display 
mycotoxin concentrations above recommended thresholds (Magg et al. 2002). 
 
 
Overall conclusion 
 
Does the use of Bt hybrids offer a solution to manage ECB damage accounting for more than 
an annual loss of 1 billion U.S. dollars? On the one hand, Bt hybrids presents the most 
powerful and economical mean to protect maize from ECB damage. Outside the European 
Union the market and acceptance of genetically modified organisms is growing. Regarding 
ecological aspects, the use of Bt maize should be preferred in contrast to the widespread use of 
insecticides. Furthermore, Bt hybrids may reduce grain contamination with MON and FUM 
mycotoxins. On the other hand, a resistance management is mandatory, because the 
monogenic Bt resistance could be quickly overcome by the ECB. In case the resistance breaks 
down, non-transgenic host plant resistance could act as a second barrier for the target pest. 
Therefore, the design of new, improved breeding strategies against ECB and Fusarium spp. 
damage is of great importance for the future of maize in Central Europe. 
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SUMMARY 
 
 
The European corn borer (ECB, Ostrinia nubilalis Hübner) is a major pest of maize (Zea 
mays L.) in Europe and continues to spread to northern maize growing regions. The ECB 
severely affects commercial maize production by decreasing yield stability. In addition, 
damaged plants often show an increased susceptibility to secondary infections caused by 
Fusarium spp.. Information about the potential of Bt hybrids (event 176, MON810) to reduce 
yield losses and mycotoxin contamination under Central European growing conditions is still 
lacking. However, such monogenic resistances with a strong negative effect on the ECB will 
break down rapidly. Improving the natural host plant resistance of maize could provide an 
economical and ecological tool for an integrated pest management system. 
 
 The overall goal of this study was to evaluate alternative breeding strategies for 
improving resistance of maize against ECB damage and Fusarium spp.. The objectives were 
to (1) initiate a selection experiment in the early maturing European flint pool and evaluate a 
breeding program for ECB resistance in the European dent pool, (2) compare the efficiency of 
host plant resistance vs. Bt resistance in maize, (3) determine Fusarium-caused mycotoxin 
contamination of maize genotypes with improved host plant resistance to ECB, and (4) study 
the association between important agronomic traits, ECB resistance traits, and mycotoxin 
concentration in early European maize germplasm. 
 
 The goal of the Hohenheim ECB breeding program, initiated in 1992, was to select 
lines with improved per se and testcross performance for multiple agronomic traits and ECB 
resistance. In the standard breeding scheme, line development started from a segregating S1 
population. Genotypes were evaluated for their line per se ECB resistance in generations S1, 
S3, and S5. Lines from the S2, S4, and S5 generations were testcrossed and evaluated for their 
agronomic performance. Selection was based on ECB resistance and TC performance for 
grain yield and maturity. 
 
In order to compare transgenic Bt maize hybrids carrying event 176 or MON810 with 
their isogenic counterparts and commercial hybrids or experimental hybrids, field trials in 
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multiple environments were conducted in 1998 to 2000. Furthermore, a laboratory bioassay 
with neonate ECB larvae was performed to assess mortality and subsequently the level of Bt 
antibiosis present in the used hybrids of 1998. 
 
Resistance traits such as damage rating of stalks, number of damaged plants, and 
number of larvae per plant were assessed exclusively in manually ECB infested plots. Grain 
yield, grain dry matter content and plant height were determined in the insecticide protected 
and the ECB infested main plots. In addition, grain samples from each subplot were drawn at 
random and analyzed separately for Fusarium mycotoxins such as type B trichothecenes 
(DON, NIV), Zearalenon (ZEN), Fumonisins (FUM), and Moniliformin (MON). 
 
The inbred lines displayed a significant genotypic variance for all ECB resistance traits 
evaluated. However, in the further course of selection and topcross testing, most dent and flint 
lines, especially those displaying improved resistance to ECB larvae feeding, were discarded 
because of their poor agronomic performance. Negative correlations between grain yield, early 
maturity and the damage rating of stalks were identified. However, three dent lines (P028, 
P029, P030) with moderate resistance to ECB were developed. 
 
In all experiments, Bt hybrids were superior to other hybrids in the control of ECB 
larvae. Non-Bt hybrids displayed a significant genotypic variance for all evaluated resistance 
traits; grain yield reductions ranged from 8.6 to 21.8% under manual infestation of ECB. All 
evaluated resistance traits were highly significantly correlated with each other and showed 
significant negative correlations to grain yield reduction. Bt hybrids did not differ from their 
isogenic counterparts for most agronomic traits. 
 
Highly significant location and genotype × location interactions were identified for all 
mycotoxins evaluated, except MON. MON concentration doubled under manual infestation of 
ECB compared to insecticide protected conditions and a similar trend was found for FUM. Bt 
hybrids displayed significantly lower MON concentrations than non-Bt hybrids and 
significantly lower DON concentrations than their isogenic counterparts under ECB 
infestation. Highly significant correlations between ECB resistance traits and MON were 
found. However, a significant genotypic variance was observed for DON, 15-A-DON, FUM, 
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and MON concentrations, suggesting variation for resistance against Fusarium spp. in current 
elite hybrids. 
 
By combining different sources of monogenic Bt resistance and quantitatively 
inherited resistances to ECB, it may be possible to develop hybrids with multiple resistance by 
pyramiding the underlying genes in one genotype. Therefore, further research is required to 
identify new sources of ECB resistance and new breeding strategies should be developed. 
Furthermore, there is indication that an improved resistance against Fusarium spp. possesses a 
greater potential for reducing mycotoxin contamination of maize kernels than a high level of 
ECB resistance. Since resistance to ECB and resistance to Fusarium spp. are inherited fairly 
independently, simultaneous improvement of both resistances seems to be necessary for 
improving the stability and quality of future maize hybrids. 
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ZUSAMMENFASSUNG 
 
 
Der Maiszünsler (ECB, Ostrinia nubilalis Hübner) ist einer der Hauptschädlinge im 
europäischen Maisanbau (Zea mays L.) und breitet sich derzeit weiter in nördlicher gelegene 
Anbaugebiete aus. ECB-Schäden beeinträchtigen daher zunehmend die Ertragssicherheit in 
der Maisproduktion. Zusätzlich besitzen die vom ECB befallenen Pflanzen oft eine erhöhte 
Empfindlichkeit gegenüber den von Fusariumpilzen (Fusarium spp.) verursachten 
Sekundärkinfektionen. Allerdings sind derzeit noch keine Informationen zu Bt-Maishybriden 
(Event 176, MON810) verfügbar, welche eventuell auch unter zentraleuropäischen 
Wachstumsbedingungen Ertragsverluste und Mykotoxinkontaminationen verringern könnten. 
Jedoch besteht die Gefahr, dass monogene Resistenzen vom Schadinsekt überwunden werden 
können. Daher kann die Verbesserung der natürlichen Widerstandskraft der Pflanze ein 
ökonomisches sowie ein ökologisches Konzept für den integrierten Pflanzenschutz bieten. 
 
Ziel der vorliegenden Studie war die Untersuchung alternativer Züchtungsstrategien 
zur Verbesserung der Resistenz von Mais gegen ECB und Fusariosen. Hierzu wurden (1) ein 
Selektionsexperiment im frühreifen Europäischen Flintpool initiiert und ein 
Peedigreezuchtprogramm zur Verbesserung der ECB-Resistenz im frühreifen Europäischen 
Dentpool evaluiert; (2) die Wirkung von quantitativen Resistenzen und Bt-Resistenz 
miteinander verglichen; (3) die Mykotoxingehalte in Genotypen mit verbesserter ECB 
Resistenz ermittelt und (4) der Zusammenhang zwischen wichtigen agronomischen 
Eigenschaften, der ECB-Resistenz und der Mykotoxinkonzentration im frühreifen 
europäischen Maismaterial untersucht. 
 
Ziel eines 1992 iniitierten Zuchtprogramms war die Identifizierung von Maislinien mit 
verbesserter Eigen- und Testkreuzungsleistung für wichtige agronomische Merkmale und 
ECB-Resistenzeigenschaften. Der Zuchtgang wurde mit einer spaltenden S1 Population 
begonnen. Die Eigenleistung der Genotypen für die ECB-Resistenz wurde in Generation S1, 
S3 und S5 ermittelt. Mit den Maislinien der S2, S4 und S5 Generation wurden 
Testkreuzungen erstellt, um deren agronomische Leistung zu bewerten. Die Selektion basierte 
auf der ECB-Resistenz und der Testkreuzungsleistung für Kornertrag und Frühreife. 
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Um die Bt-Maishybriden, welche das Event 176 oder MON810 besitzen, mit ihren 
isogenen Partnerhybriden, sowie Sorten- und Experimentalhybriden zu vergleichen, wurde in 
verschiedenen Umwelten von 1998 bis 2000 Feldversuche durchgeführt. Darüber hinaus 
wurde 1998 ein Laborversuch mit neonaten ECB-Larven angelegt, um deren Mortaliät und 
den vorhandenen Antibiosegrad im Hybridmaterial bestimmen zu können. 
 
Die Resistenzmerkmale Schadensbonitur des Stengels, Anzahl geschädigter Pflanzen 
und Anzahl der Larven pro Pflanze wurden nur in den manuell mit ECB infestierten Parzellen 
erhoben. Die agronomischen Merkmale Kornertrag, Korntrockensubstanzgehalt und 
Wuchshöhe wurden sowohl in den mit Insektizid geschützten als auch in den manuell mit 
ECB infestierten Großparzellen ermittelt. Zusätzlich wurden Körnerproben aus jeder Parzelle 
gezogen und separat auf die folgenden Fusarientoxine hin untersucht: Typ B Trichothecene 
(DON, NIV), Zearalenon (ZEN), Fumonisin (FUM) und Moniliformin (MON). 
 
Alle getesteten Inzuchtlinien zeigten eine signifikante genotypische Variation für die 
untersuchten Resistenzmerkmale. Jedoch wurden im Verlauf des weiteren Zuchtganges viele 
Dent- und Flintlinien mit verbesserter ECB-Resistenz aufgrund ihrer unzureichenden 
agronomischen Leistungen verworfen. Zudem wurden negative Korrelationen zwischen 
Kornertrag und Frühreife sowie der Schadensbonitur des Stengels gefunden. Jedoch konnten 
aus dem Zuchtprogramm drei Dentlinien (P028, P029, P030) mit mittlerer ECB-Resistenz 
entwickelt werden. 
 
In allen Experimenten demonstrierten die Bt-Hybriden ihre Überlegenheit in der 
Kontrolle von ECB. Die nichttransgenen Hybriden zeigten eine signifikante genetische 
Varianz für die erhobenen Resistenzmerkmale und den Kornertrag, wobei deren 
Kornertragsreduktion unter manueller ECB-Infestierung zwischen 8,6% und 21,8% 
schwankte. Alle Resistenzmerkmale waren hoch signifikant miteinander korreliert und zeigten 
eine signifikante und negative Korrelation zur Kornertragsreduktion. Zudem waren die Bt-
Hybriden in ihren agronomischen Merkmalen nahezu nicht von den isogenen Partnerhybriden 
zu unterscheiden. 
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Hochsignifikante Umwelt- sowie Genotyp × Umwelt-Interaktionen wurden außer bei 
MON für alle Mykotoxine nachgewiesen. Die MON-Konzentration war in den mit ECB 
infestierten Parzellen ungefähr zweimal höher als in den insektizidgeschützten Parzellen. Ein 
ähnlicher Trend wurde ebenfalls für FUM festgestellt. Die Bt-Hybriden zeigten signifikant 
niedrigere MON Konzentrationen als die nichttransgenen Hybriden, sowie signifikant 
niedrigere DON Konzentrationen als ihre isogenen Partnerhybriden unter ECB-Infestierung. 
Es wurden hochsignifikante Korrelationen zwischen den ECB-Resistenzmerkmalen und der 
MON-Konzentration gefunden. Jedoch wurde für DON, 15-A-DON, FUM und MON eine 
signifikante genetische Variation gefunden, was wiederum zeigt, dass ein unterschiedliches 
Resistenzniveau gegen Fusarium spp. in den Elitehybriden vorhanden ist. 
 
Mit Hilfe einer Pyramidisierung von verschiedenen monogenen Bt-Resistenzquellen 
und der verbesserten quantitativen ECB-Resistenz wäre es prinzipiell möglich, Genotypen mit 
einer stabilen Resistenz zu schaffen. Um neue Resistenzquellen zu identifizieren und 
geeignete Zuchtprogramme zu entwickeln, sind allerdings weitergehende Untersuchungen 
nötig. Desweiteren kann durch eine verbesserte Fusariosenresistenz ein höherer Wirkungsgrad 
zur Verminderung von Mykotoxinbelastungen im Erntegut erreicht werden als dies derzeit 
durch ein hohes ECB-Resistenzniveau möglich ist. Da ECB- und Fusariosenresistenz 
weitgehend unabhängig voneinander vererbt werden, ist eine gleichzeitige züchterische 
Bearbeitung beider Resistenzen nötig, um die Ertragssicherheit und Qualität künftiger Sorten 
bei Mais weiter zu verbessern. 
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